The dynamics between mitral anulus motion, and, thus, motion of the base of the heart, and filling of the left atrium and ventricle were studied by Doppler echocardiography in 12 normal subjects and 28 patients with dilated cardiomyopathy. The normal motion of the mitral anulus is associated with two phases of inflow from the pulmonary veins. The first phase (J) of pulmonary venous inflow occurs during ventricular systole, concomitant with the descent of the mitral anulus toward the ventricular apex, the extent of which is 12.8 ± 1.4 mm. The end of the descent of the anulus occurs at the cessation of aortic ejection. About 100 msec later, a rapid recoil of the mitral anulus toward the atrium coincides with the onset of transmitral filling. This rapid recoil contributes to the displacement of blood from the atria into the ventricles in early diastole. The second phase (K) of pulmonary venous flow begins in early diastole, with its peak occurring about 50 msec after the peak of transmitral flow. During atrial contraction, the mitral anulus moves slightly (2.4 ± 0.7 mm) toward the atrium and then returns toward its initial position within 120 msec. This motion coincides with the A wave of transmitral flow. In patients with dilated cardiomyopathy, pulmonary venous flow and mitral anulus motion are markedly altered in comparison with normal subjects. In all patients, motion of the mitral anulus is either reduced or absent. In 10 patients with some residual motion of the mitral anulus and a competent mitral valve, who were in sinus rhythm, the profile of pulmonary venous flow maintained a normal biphasic pattern. In the remaining 18 patients, the systolic (J) phase of pulmonary blood flow was either reduced or absent. This abnormal pattern of pulmonary venous flow was associated with either absence of mitral anulus motion, atrial fibrillation, or significant mitral regurgitation. In patients with severe mitral regurgitation, a systolic regurgitant flow was observed in the pulmonary veins. Thus, both atrial contraction and normal motion of the mitral anulus that is produced by left ventricular systolic function contribute to the normal biphasic filling from the pulmonary veins into the atria. Dysfunction of either atrial or ventricular systolic emptying results in abnormal filling from the pulmonary veins during ventricular systole and leaves one major phase of pulmonary venous flow in late diastole. (Circulation 1988;78:621-629 
Mitral Anulus Motion
The dynamics between mitral anulus motion, and, thus, motion of the base of the heart, and filling of the left atrium and ventricle were studied by Doppler echocardiography in 12 normal subjects and 28 patients with dilated cardiomyopathy. The normal motion of the mitral anulus is associated with two phases of inflow from the pulmonary veins. The first phase (J) of pulmonary venous inflow occurs during ventricular systole, concomitant with the descent of the mitral anulus toward the ventricular apex, the extent of which is 12.8 ± 1.4 mm. The end of the descent of the anulus occurs at the cessation of aortic ejection. About 100 msec later, a rapid recoil of the mitral anulus toward the atrium coincides with the onset of transmitral filling. This rapid recoil contributes to the displacement of blood from the atria into the ventricles in early diastole. The second phase (K) of pulmonary venous flow begins in early diastole, with its peak occurring about 50 msec after the peak of transmitral flow. During atrial contraction, the mitral anulus moves slightly (2.4 ± 0.7 mm) toward the atrium and then returns toward its initial position within 120 msec. This motion coincides with the A wave of transmitral flow. In patients with dilated cardiomyopathy, pulmonary venous flow and mitral anulus motion are markedly altered in comparison with normal subjects. In all patients, motion of the mitral anulus is either reduced or absent. In 10 patients with some residual motion of the mitral anulus and a competent mitral valve, who were in sinus rhythm, the profile of pulmonary venous flow maintained a normal biphasic pattern. In the remaining 18 patients, the systolic (J) phase of pulmonary blood flow was either reduced or absent. This ventricular outflow tract, immediately proximal to the leaflets of the aortic valve. Slight adjustments were required to optimize the orientation between the sample volume and flow.
Analysis of Data
While describing the relation between mitral valve motion and flows, the following terms will be used ( Figures 1, 2 ): descent, motion of the mitral anulus toward the apex; and recoil, movement of the mitral anulus toward the atrium.
The following time intervals were measured from the onset of the QRS",5: 1) to the onset of anulus displacement during atrial contraction; 2) to the end of displacement during atrial contraction; 3) to the onset of descent of the anulus toward the apex; 4) to peak descent toward the apex; 5) to the onset of rapid recoil of the anulus toward the atrium; and 6) to the end of rapid recoil toward the atrium.
Mitral valve echocardiograms were analyzed, and the following time intervals were measured from the onset of the QRS complex: 1) to the opening of the mitral valve (D, line 5); 2) to the peak opening of the mitral valve at the rapid-filling wave (E); 3) to the peak opening of the valve at atrial contraction (A); and 4) to closure of the mitral valve (C, point of closure of mitral valve).
Analysis of Pulmonary Venous Flow
The following measurements were made: 1) time from onset of the QRS complex to the onset of pulmonary venous flow (BJ), to the peak of the first phase of pulmonary venous flow (J), to the peak of the second phase (K), and to the end of pulmonary venous flow (EK) and 2) peak velocity of the first (J) and second (K) phases of pulmonary venous flow.
Analysis of Mitral Flow1
From each record, five beats were chosen for analysis. The following variables were measured for each beat time from the onset of the QRS complex of the electrocardiogram: 1) to the onset of mitral flow (D, line 5 in Figure 2) ; 2) to the peak of the rapid-filling wave (E); 3) to the peak of atrial contribution (A); and 4) to the end of mitral flow (C). Peak mitral flow velocity was measured at the rapid-filling wave (E) and atrial contribution (A wave).
Analysis ofAortic Flow1
The following measurements were made from the onset of the QRS complex to the: 1) onset of aortic flow (OAF); 2) peak of aortic flow (PAF); 3) end of aortic flow (EAF); and 4) peak aortic flow velocity. After atrial systole, which is signaled by the P wave of the electrocardiogram (Figure 2 , line 1), the mitral anulus moves toward the atrium (Figure 2 , lines 1 to 2). This atrial motion is observed consistently in normal subjects and averages 2.4 ± 0.7 mm (range, 2.0-4.0 mm; Table 1 The time required for the mitral anulus recoil is brief (Figure 2 , lines 5 to 6) and coincides with rapid ventricular filling. Peak velocity of rapid ventricular filling (E) occurs before the end of the recoil (Table  1 , Figures 1 and 2, line 6 ). The relative velocity of blood moving from the atrium toward the ventricle during the rapid-filling wave is the sum of the absolute velocity of flow and the rate of recoil of the mitral anulus toward the flow of blood. The rate of recoil of the anulus toward the atrium in diastole was 10±2 cm/sec ( Eighteen of the 28 patients with dilated cardiomyopathy exhibited an abnormal pulmonary venous flow that was characterized by a reduced or absent J phase and a prominent K phase that peaked early in diastole. In addition, a retrograde regurgitant flow in the pulmonary vein was observed during systole in a few patients (Figure 3) . Nine of the 18 patients with predominantly monophasic pulmonary venous flow had mitral regurgitation. In three of these patients, the regurgitant flow was recorded in the pulmonary vein that obviated forward flow during the J phase (Figure 3 ). In the other patients, the mitral regurgitation was moderate with low velocity of the regurgitant flow. A gradual increase in pulmonary venous flow was then observed throughout systole with the major pulse of forward pulmonary venous flow in diastole. The peak velocity of this phase was 60+3 cm/sec and occurred 509 + 57 msec after the QRS.
Mitral anulus motion was absent in seven of the 18 patients who demonstrated a predominantly monophasic pulmonary venous flow (Figure 4) . Six of the seven patients were in sinus rhythm, and two patients had moderate mitral regurgitation, one of whom was also in atrial fibrillation. All seven patients demonstrated a small systolic J phase of pulmonary venous flow or a gradual increase in flow velocity throughout systole and a predominant K phase of flow. Peak velocity of the K phase was 54 ± 15 cm/ sec and occurred 516±87 msec after the onset of QRS. Thus, the lack of mitral anulus motion was associated with a monophasic pattern of pulmonary venous flow in five patients who were in sinus rhythm and who had a competent mitral valve.
Five of 18 patients who had a predominantly monophasic pulmonary venous flow were in atrial fibrillation. In three of these patients, a small forward J phase (peak velocity up to 10 cm/sec) was observed, and in the other two, the J phase was absent. Mild mitral regurgitation was also present in three patients with atrial fibrillation.
Ten patients with dilated cardiomyopathy demonstrated a normal biphasic pulmonary venous flow ( Figure 5 ). They were all in sinus rhythm, and mitral anulus motion, although reduced when compared with normal subjects (5.1 +2.0 vs. 12.8±1.4 mm, p<0.01), was present in all 10 patients. Four of the 10 patients had minimal mitral regurgitation. The peak velocity and timing of the J and K phases of pulmonary venous blood flow were similar to those of normal subjects (Tables 1, 4) .
Discussion
This study supports the view that the mechanical events in the left ventricle contribute to the phasic characteristics of pulmonary venous flow and that motion of the base of the heart may be important in determining the pattern of pulmnonary venous flow. Alternatively, the motion of the mitral valve anulus could be a passive phenomenon resulting from changes in transmitral blood flow. Our present data, ity of blood from the left atrium to the left ventricle due to the recoil motion of the mitral anulus ( Table  2 ). The rapid fall in left atrial pressure in early diastole is associated with the onset of mitral flow and the ensuing second (K) phase of diastolic flow from the pulmonary veins. We In patients with dilated cardiomyopathy, ventricular dysfunction results in disturbed filling from the pulmonary veins through development of atrial fibrillation or by immobilization of the mitral systolic ring. Both result in a significant reduction in the amount of filling of the left atrium during ventricular systole, that is, the J phase of flow. Because pulmonary venous flow normally continues throughout both systole and diastole, mitral regurgitation vitiates-this phase of flow. Accordingly, either net forward blood flow will be reduced, or the amount of flow that occurs during diastole will be greatly augmented. The latter would require a substantial rise in left atrial pressure that may help to explain the detrimental effect of functional mitral regurgitation24-27 in dilated cardiomyopathies.
In summary, we have shown that during ventricular systole, pulmonary vein flow fills the left atrium (J phase) because of both left atrial relaxation and caudal displacement of the atrioventricular junction (mitral valve ring). During the onset of ventricular relaxation, recoil of the mitral anulus and base of the left ventricle occurs, and during the rise in the pressure in the left atrium, the mitral valve opens, and the diastolic K phase of pulmonary venous flow ensues. In patients with congestive heart failure, loss of atrial contraction and immobilization of the mitral anulus due to reduced ventricular systolic function result in reduced systolic inflow into the left atrium. Dysfunction of the mitral anulus in these patients, which results from reduced ventricular contraction, may result in functional mitral regurgitation that abolishes the systolic first phase of pulmonary venous flow. This mitral regurgitation will then tend to augment left atrial pressure by not only increasing left atrial blood volume from the regurgitation but also by vitiating the systolic phase of atrial filling so that all atrial filling by the pulmonary veins must occur during diastole. Thus, the left ventricle plays a central role in its filling as well as emptying, and disorders of systolic function will significantly aifect diastolic ventricular filling.
